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Abstract 

In this paper we present the renormalization group equations to one-loop order for 
all the parameters of two supersymmetric left-right theories that are softly broken. Both 
models are based upon the gauge group SU{3y x SU{2)l x SU{2)ii x U{1)b-l and both 
contain an arbitrary number of bidoublets as well as singlets; however, one model uses 
doublets to break SU{2)ji and the other uses triplets. 


1 Introduction 

The recent discovery of oscillating neutrinos (implying that neutrinos are massive) has created 
definitive experimental evidence of a flaw in the standard model. This flaw can be rectified 
by adding an SU{2)b group to the standard model group structure. This will allow for a 
Dirac mass term for the neutrinos and will also provide a Majorona mass term for the right 
handed neutrino via the seesaw mechanism [1] when SU{2)ii is broken. These extensions are 
called left-right [2-9] and they can also be imbedded in supersymmetry. With SUSY, the 
models are dubbed SUSYLR [10-16] and contain the attractive features of the supersymmetric 
standard model (e.g. providing a solution for the hierarchy problem and allowing for gauge 
coupling unification [17]). SUSYLR models have the additional appealing characteristics of 
solving the strong CP problem [18-23] , asymptotic parity invariance and automatic R-Parity 
Conservation [24-29]. 

The parameters in these models are written down at a high scale of new physics such as the 
GUT or Planck scale. In order to make predictions at lower energy levels, renormalization group 
equations (RGBs) must be calculated for these parameters, and their values extrapolated to the 
energy realm of current experiments. In this paper the RGBs for two instances of left-right 
models are presented (non-SUSY Triplet left-right model equations can be found in [31]). These 
equations were calculated to one loop order using the general N=1 supersymmetry RGBs given 
in [30,32] and agree (after accounting for the absence of SU{2)ji) with the subset previously 
published in [33]. The following equations represent a completion and extension of those RGBs, 
and provide a valuable tool for extrapolating down from higher scale physics to the scale of 
SU{2)b breaking - at which point the model contains the MSSM and all couplings of interest 
can be extrapolated using the RGBs of the MSSM found in [32]. 

The two models used in this paper differ in their SU{2)ji breaking fields: one uses SU{2)b 
doublets and the other SU{2)fi triplets. Theoretical consequences of these models can be found 
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in various papers including [10-13,34] and [16,35] respectively. In section |21 we will present the 
doublet model starting with the specihcs and continuing with the RGBs. In Section IHl we will 
follow a similar format for the triplet model. 


2 Doublet Model 


2.1 Particle Content 

In Table H) is the particle content for the doublet implementation of SUSYLR and the 
particle representations under the non-abelian gauge groups. The particle quantum numbers 
are stated for the U{1)b-l gauge group (The B — L number used in the RGBs follows the 
GUT normalization scheme; the values in the table do not. To get the GUT-normalized value, 
multiply the number in the table by 


SUi-iY 

Q 3 

3 

L 1 

1 

4>a 1 

X 1 

1 

X 1 

x'^ 1 

1 


X SU{2)l 
2 
1 
2 
1 
2 
2 
1 
2 
1 
1 


X SU{2)r 
1 
2 
1 
2 
2 
1 
2 
1 
2 
1 


X U{1)b-l 

3 

-1 
+ 1 
0 

+1 

-1 

-1 

+1 

0 


Table 1: This table shows the representations for the non-abelian gauge groups and the B — L 
number for U{1) 


The Q and L are the quark and lepton helds of the MSSM and and L'^ are the equivalent 
SU{2)ii helds. In order to keep this model general, we allow for an arbitrary amount of singlet 
helds, ns and so in S'", a = l...ns. Likewise there are n$ bidoublet helds and so in <ha, 
a = Note that while including one $ bidoublet does give mass to the fermions, it 

does not produce quark mixings at tree level (thus another method is required for Vckm Y ^ ^ 
see, for instance [35]) and so most models set n<i, = 2. The SU(2) doublets and bidoublets are 
represented in the following manner (with color and generational indices suppressed): 



Here Q and are used as an example for any SU(2) doublet pair. The other doublets can 
be written in a similar fashion where the charges of the helds must obey the equation Q = 
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+ + Where and Jrs are the third component of the SU{2)l and SU{2)ji quantum 

numbers. 

Under SU{2), these helds transform as: 

Q^UlQ 
L^UlL 
X UlX 

X UlX 

^ UL^aUl 

And their parity transformations are: 

Q -iT2Q''* Q'" iT2Q* 

L —* —iT2L^* L'^ iT2L* 

X -ir2X^* X"" ir2X* 

X -ir2T* T iT2X* 

^ ^ S^* 

2.2 Superpotential and Soft Breaking Lagrangian 

The most general superpotential and soft supersymmetry breaking lagrangian for this model 
are: 

fU = ihaQ'^T2^aQ'' + iU^L^T2^aL'' + iXaX^^2^aX'' + 

+ + tlil.S^X^'^T2r + + /i“ 5 “ Tr {^^T2^,T2) 

+ iM^X^T 2 X + T 2 x'' + Mab Tr (<hjr 2 <hfer 2 ) 

+ ]^MfS^S^ + + Wnr ( 1 ) 

C^SB = — - + MifUifUi + AfijfUijfUij + + h.c.^ 

- iAQaQ'^T2^aQ‘' + iALaL^T2^aL^ + 'iAxaXT2^ aX"" + *^AaW2*haX'' 

+ 1 AIS-XT 2 X + iAl.S-x^T 2 r + \Af^S<^S^S^ + A%,,S- Tr (CT 2 <h,r 2 ) + h.c. 

- ^B^XT2X + ^B^<^X^T2r + Bab Tr [^It 2 %T 2 ) + ]^BfS^Sf^ 

- tjiqQ'^Q* + mqcQ^^^Q’^ + m\L^L* + 

+ ^|x^x + ^IcX'^^X'" + Tr + (m|) (2) 

Where we have suppressed the generational and SU(2) indices. If these were to be included, 
the term m'qQ'^Q* would be written as {jn^ \ QjaQa, where the lower case english letters 


^ UrQ^ 
L- ^ UrL- 
x'" Urx^ 
T Urx^ 

C<A _ C<A 
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run over generations and the greek letters run over SU{2)l index in this case. Wnr denotes 
non-renormalizable terms arising from higher scale physics and would include {f LT 2 LXT 2 X + 
f*L'^T 2 L‘^X‘^^ 2 X'^)/Mpi the term that gives rise to the seasaw mechanism, {Mpi refers to the higher 
scale physics, e.g. the planck scale). Since coefficients of this form are suppressed by the scale of 
higher physics, their contributions to the renormalization group equations may be ignored and 
will not be included below. 

By demanding parity invariance from this theory, we also hnd the following relations among 
the parameters [18,19,21]: yuakawa couplings are hermitian except for /i" and /i“c, trilinear 
couplings are hermitian except for and A“c, soft breaking mass terms for an SU{2)l doublet 
are equal to those of the corresponding SU{2)ji doublet and 

/i“ = /i“: = M*. Mab = M*^ Mf = Mf* 

gL = 9 r Ml = Mr Ml = M^ M 3 = M^ B^^b = 5^, Bf = Bf* 

Where ql and qr are the SU{2)l and SU{2)fi gauge coupling constants, respectively. 


2.3 RGBs 

In this section we present our results: one loop renormalization group equations for this 
model. The equations are broken up into subsections corresponding to their coupling type. 


2.3.1 Gauge Couplings d . 

Ifa ^91 = 99 . 

IbTT^—fi-fi = (1 +n^)9R 


167r^4:M = (1 


dt 


d 


IGtt^—5^3 = —Sgl 

dr^ 


(3) 


2.3.2 Yukawa Couplings 


= ha 
dt 




‘^hlh - ^gl - 3gl - 3gl - ^gl 


hb Tr {3h\ha + h^h'a^ + 2h\ha + A^Aq + A^Aa + 4 g.% 


ba\ 


= h' 


K - 2 ^? - 3c/i - 


h'b Tr (3hlha + + 2h^h'^ + A^Aa + A^A^ + 4 11 % 


ba 


(4) 


(5) 


9 d , 
dt 

IGtt^—A, 
dt 



- Is? - 3gl - 3,jl 

b Tr {3h\ha + h^h'^^ + A^Aa + A^Aa + 4 ^ 


ba -I 


+ A 


hx* hx + hx*hx’^ + 4Ar Af, — -gl — 3g\ — 3g\ 
b Tr {3h\ha + h^h'^ + A^Aa + A^Aa + 4 ^ 


ba J 


( 6 ) 

(7) 
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( 8 ) 


167r2|/i“ = [2A:A„ + 2A:A. + 2/if/xj - - 3^?! 

+ /ij [2/if/i“ + 2/if/if + 1 (F/57<5f y«75 + 8 

ISTT^^/if = /if 2A;;Aa + 2A;;Aa + 2/if/if - ^gl - 3gl 

+ /if [2/if/i“ + 2/if/if + i + 8 Tr (/if/i“) ] (9) 

2/if/i;j + 2/if/if + l(yp/^f + 8 Tr (/if /i^) 

+ [2/if/i“ + 2/if/if + l(yPM-)*y«/^- + 8 Tr (/if/i“) 

+ [2/if/ij + 2/if/if + l(yPMf + 8 Tr (/if/i§) ] (10) 

/i$afe = /i$ac Tr (s/i^/ife +/i'c/if + A*Afe + A*Afe + 4 (/if/i$^^^ 

+ Tr {3hah\ + /i^/icf + A^A* + A^A* + 4 (/^$/^$^)^^ f^%cb 

+ 4 ^ [2^f + l(y«<-)-y«»- + 8Tr 


(^//l + 8 //^^ ( 11 ) 

2.3.3 Mass Couplings 

16irfA4 = Aif 2A:A<. + 2A;A. + 2f,"f,; - - Ssi] (12) 

IOtt^-M^c = M^c [2A:A, + 2A:A„ + 2/if/if --//2 - 34 J (13) 

167r2^M$,b = [Tr (shlh + h'^K) + A^A, + fA,, + 4 (/if 

+ Tr ( 3 /ia/iJ + /ifl/icf + AqA* + AaA* + 4 (/i^/if 
+ [-3gl - 3gl) (14) 

lOTT^^Mf = Mr [ 2 /if/if + 2/if/ij + l(yPMi^)*y/3/^- + 8 Tr (/if/i§) 

+ Mf [ 2 /if/if + 2/if/i“ + l(yp/^f + 8 Tr (/if/i“) ] (15) 

2.3.4 Linear Term 

ler [ 2 /if/if + 2/if/i“ + i (F^^f * F"^'^ + 8 Tr (/if/ig) ] (16) 
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2.3.6 Soft Breaking Trilinear A’s 

= Aga - 3gl - 3g\ - y c/^ 

1 32 

+ ha AHIAqi, + -Migl + QMLg\ + QM^g^ + —M^gl 

+ hb 2h\AQa + Tr {Qh\AQa + 2h^AL^ + 2\]^Axa + ‘2XlAxa + 8 A'^'j 

+ Agb 4:h\ha + Tr {3h\ha + + A^Aa + 4 (18) 

16vr^yAia = Aia 2 / 1 ^^ h'b - ^gl - Sgl - Sgj, 

+ /i(j 4/i ^^Alb + + 6Migi + 6Mjig^ 

+ h'b 2hbALa + Tr + 2/lJ^Aia^ + 2XlAxa + ‘^XlAxa + 8 

+ ^L6 ^hbh'^ + Tr (^Shbha + + A^Aa + A^Aa + 4 (19) 

7 - 3 ' 

levr^y^Aa = ^Aa 4AfeAb + “ 2^^ ~ 

+ Aq SXlAxb + 2/i“*74“ + 2/i“cA“c + 3Mig\ + QMig\ + QM^g\ 

+ ^Ab Tr {3h\ha + h^h'^ + A^A^ + A^A^ + 4 

+ Ab Tr ^G/ijAqq + 2/iJ^Aia^ + 2AjAAa + ^Xl^xa + 8 (20) 

ISTT^y^Aa = ^Aa 4AftAb + ~ 2^^ ~ ~ 

+ Aq SXlAxb + + 2/r"cA“c + + QM^g^ + QMjig]^ 

+ ^A6 (s/lj/la + + AjAa + A^Aa + 4 

+ Ab Tr + 2AjAAa + ‘2XlAxa + 8 (21) 

167r2yyl“ = [2A:Aa + 2A:Aa + 2/if/ij - _ 3^2 

+ /^x 4A*74Aa + 4 A*Aa^ + 4/if + SMigf + QMigj^ 

+ Af [2/if/i“ + 2/if/if + + 8Tr (/i§V$) 

+ /ij [4/if + 4/if Af + (y^^f + 16 Tr (/i^U“) ] (22) 
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4 “ 


2A* Aa + 2A*Aa + 2/i^^/i^c — -gl — ?>g\ 

P* A (i 


dt 


+ [^4A*74Aa + 4A*74_,^„ + Afi^cA^c + + GMjigj^ 

+ aJc [2/if/i“ + 2/if/if + + 8Tr (/if/i“) 

+ /if [4/if Al“ + 4/if Af + + 16 Tr (/if 

Af ^ [2/if/ij + 2/if/if + + 8 Tr (/if/iX) 

+ [4Aif + 4/if Af + (yPA^f + 16 Tr (/if 

+ Alf" [2/if/i“ + 2/if/if + + 8 Tr (/if/i“) 

+ [4/if Al“ + 4/if Af + (yp/^f + 16 Tr (/if 

+ [2/if/ij + 2/if/if + + 8 Tr (/if/i^) 

4/if AlJ + 4/if Af + (yPA^f" + 16 Tr (/if. 


_l_ Y'y^p 


( 23 ) 


(24) 




4“ 

^<I>ac 


Tr (s/ij/ife + + A*Ab + A*Af, + 4 (/if/i$[)^ 

T /^$ac 4"^ (s^l^Qfe + + 2\*^A\b + 2A*il)^^ + 8 (/if 

Tr {^hah\ + h'Ji^^ + AaA* + A^A* + 4 ^Scfe 

Tr (6AQa^i + 2il£,a/l'^f + 274;\aA* + 2Axa^*c + 8 (A§/if [) 


cb 


d^lcb 


+ 4l; 


2/if/i“ + 2/if/if + i(y/3/4f + 8Tr (/if/ig) 

+ d-^ah ^d'x^x + 4/if ^f + Ag^'" + 16 Tr (/if 

“ (+ 3 fi'i + Sfi'fl) + f^%ab {^^lOl + Q^r 9 r) 


2.3.7 Soft Breaking Bilinear 5’s 


167r 




2'^5. 


(it 


= B. 


2A:A, + 2A:A, + 2/if/i“ - -(/2 - 3gl 


+ [4A:AlAa + 4 A:a 13,, + 4/if Al“ + 3M,gl + QMLgl 
+ /i“ [4/if + 4/if + (y«/^f + 16 Tr (/if 5$) 


ci 


167r — 


dt 


2\:\a + 2\*X + 2/if/if - -gf - ^gl 


+ My.c 4A* + 4:^aAxa + ^XAY + 3Mig‘l + QMXr 


+ /i. 


4^"B^ + 4,i"B^. + (¥“'“')• + 16 Tr (ii?B„) 


(25) 


(26) 


(27) 
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B^ac [Tr {3h% + h'lh[) + A:A, + A:^ + 4 
+ Tr [Qh\AQ}y + 2h'lAi}^ + 2\*^Axb + + 8 

+ + 4/r“:5^c + + 16 Tr B^) ' 

+ Tr ^3/ia^l + + AaA* + A^A* + 4 

+ Tr {QAQah\ + 2yl£,a/i'j^^ + 2Axa^l + 2A3;„A* + 8 (^A'^fi^^ M^cb 
~ B^ab {^9^ + “^9^1^ + M^ab (28) 

+ 2/i^:/iJc + + 8Tr (/i^V§) 

+ + 4/i^*AlJc + + 16 Tr (/i§U§) ' 

+ [4/i^*5x + 4Atx*5^= + + 16 Tr (ji'^^B^) ' 

+ [2/r>^* + 2/r“./r^: + ly«/^-(yPM-)* + 8 Tr 

+ [^Ayp* + 4Al“./i^: + Aj^YP^^'^y + 16 Tr ) ] Mf (29) 

2.3.8 Soft Breaking Masses 

For convience, we define the quantity: 

^2 = 4 Tr [m^Q - rrigc - m\ + m^c) + - m^c + m|c - m| (30) 

Which is used in the soft breaking mass equations below. 

= 2mJ/iahl + ha {2himl + 4mjc/il + 4m|„bh|;) + 

1 32 1 

- -M,Ml9l - QM^Mlgl - -M^Mlgl + -glS2 (31) 

ISTT^^m^c = 2mlchiha + h\ (yhaml^ + Amlha + 4hbm| J + 4 AIJ^„AIq« 

1 32 1 

- -MiMlgf - GMuMj^gl - —M^Mlgl - -glS2 (32) 

= 2mi/i>4 + h'^ (2h'lml + 4m|c/i4 + + 4AlLaAlL 

- ?>MiM\g‘l — QM^Ml^g^ — —g\S2 (33) 

O 

ISTT^^mic = 2mlch'^h'a + h'} {2h'^ml. + + 4:A{^ALa 

— SMiMigl — QMjiMj^g]^ + -fi'i‘52 

O 
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(34) 



IGvr^— 
dt ^ 


dt ^ 


1 r 2 ^ 2 

16vr -m,. 


1 r 2 ^ 2 

lOTT —m^c 

dt 


dt 


T r 2 ^ 2 

loTT —m, 


dt 


— Aq 4m^A* + 4m^cA* + 4m^^jA^ + /i' 




+ + 2A“M“ - _ qMlMWl + ^91^2 


(35) 


= A„ 


4m|A* + 4m|cA; + Aml^^,Xl 


+ /^x 

t„2 


2m^/i"* + 2m^/i"* + 2 (m|) ^ 


x^x 
rt ^2 


+ 4ALA13,, + 2A“M“ - 3M,Mlgi - eM^Mlgi - -gfS^ 


= a: 


4m^cAa + 4mjA„ + 4m|b^Afe 


+ K 


+ 4A*,A,, + 22l“M“ - SMMqI - 6M^MX - ^gfS, 


2m^c/i"c + 2m|c/i“c + 2/i^c 


(36) 

pa 


rt ^2 


(37) 


= A! 


4m|cAa + 4m|Aa + 4m|baA( 
4 ALAI 3 ;, + 2 A“M“. - 


+ /r“: 2m|c' “ 


!.|c/i"o + 2m^c/r“c + 2/i^c 

3A7iA/|5f]^ — 6MfiMj^gj^ 


- + o5'i‘52 


(38) 


/ 2\"^ 

( 2\°‘P ' 

\^s) 

y^s) 


+ 


[2/x^:/iJ. + 2/i^>J + l(YPn*Y^^^ + 8Tr (/i^V§) 

2/i-<. + 2/x“>^ + + 8 Tr (/r“VS) ] 

(m| + ml) + 4/i“:/iJ. (m|c + mj,) 


, 4/i“>J(m| + my+4/i“:/iJ. 

+ 2{Y^p^)*Y^p'^ {miy + 32 Tr (4m|/i“t) + 4A“MJ 
+ 42l“Mjc + {ATfA^s^’^ + 16 Tr (2l“U^) 

^%ac 'T’r (sh^hb + h'lh'^ + A*Aft + A*A;, + 4 
+ Tr (3/r)j/ic + h'^h'^ + A*Ac + A*Ac + 4 
+ Tr [Qh\hbml. + Ghlmlh + 2h'^h'^ml. + 2h'^^mlh'^ + GA^^Agb + 2A[^A 
^8iJ,%^(ml) iJ,% + 8/i$V$ 0 o1 


$a6 


(39) 


c6 - 

mlcb 


(\Mr Mini 


I O \ * \ (. 


3 Concerning Triplets 

3.1 Particle Content &: Quantum Numbers 

Table |21 shows the various particles of the triplet version of the SUSYLR model and their 
representations - except for the U{1)b-l group where the B — L number is given (The B — L 
number used in the RGBs follows the GUT normalization scheme; the values in the table do 
not. To get the GUT-normalized value, multiply the number in the table by U3/8). 
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SU{3Y X SU{2)l X SU{2)r x U{1)b-l 


Q 

3 

2 

1 



3 

1 

2 

1 

3 

L 

1 

2 

1 

-1 


1 

1 

2 

+1 


1 

2 

2 

0 

A 

1 

3 

1 

+2 


1 

1 

3 

-2 

A 

1 

3 

1 

-2 

A'^ 

1 

1 

3 

+2 

Sa 

1 

1 

1 

0 


Table 2: This table shows the representations for the non-abelian gauge groups and the B — L 
number for U{1). The B — L number as presented needs to be normalized; when using the GUT 
normalization (as this paper does), this means multiplying it by \j3/3 


The Q and the L are the standard quarks and leptons of the MSSM while the and 
contain the corresponding right-handed conjugate helds. In order to keep this model general, 
we allow for an arbitrary number of singlet helds and bidoublet helds. These values are ns and 
n$, respectively. Thus, for S'", we have a = 1 , 2 ,..., ns] for <!)„, we have a = 1 , 2 ,..., n<i,. (for 
further comments on see section EH). 

For the following work the particles have been chosen to have the form shown below, where 
the Q and the helds serve as templates to construct the other SU{2) doublets (note that 
the color and generations have been supressed here). The charge is determined by the equation 
Q = Yl + I 3 R + and the standard J 3 ordering is used (row one has the highest I 3 value, 
row two the next highest, etc). 
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These fields transform under SU{2) as 

Q ^ UlQ ^ UrQ^ 

L UlL L" ^ UrL^ 

A ^ Ul/^uI ^ UR^^Ui 

A ^ Ul/^uI A" ^ Ur^^^uI 
^ UL^aUi ^ 

and under Parity as 

Q -iT2Q''* Q'" ^ iT2Q* 

L -iT2L^* iT2L* 

A ^ r2A''*r2 A*" ^ T2A*T2 

A ^ T2A'^*T2 a*" ^ T2A*T2 

^ ^ 

3.2 Superpotential and Soft Breaking Lagrangian 

With the transformations and representations given above, the most general superpotential and 
soft breaking terms are 

W = zhaQ^T2^aQ" + lKL^T2^aL^ + tfL^T2AL + i/,L‘=^r2 A^P-^ 

+ Ma Tr (aA) + Mac Tr (A'^A^) + M^^^ Tr (<hjr 2 $ 6 r 2 ) 

+ /il^“Tr {AA)+^^l.S-^T (aw) +/i“„,5“Tr {^^T2^,T2) 

+ -Y^P'Ts^s^S'^ + -MfS^Sf^ + ( 41 ) 

6 2 

~ ^SB = 2 (^3^^ + MiWlWr + MrWrWr + MiBB + h.c.) 

+ iAQa(5'^r2<haQ'' + i^LaLAr2^aL^ + iAfL'^T2AL 

+ iA/cL'^^sAM'^ + Tr (AA) + A^.5“ Tr (A"A") 

+ Ag,,^“Tr {^^T 2 ^,T 2 ) + + h.c. 

+ 5a Tr (aA) + 5ac Tr (A-^A-^) + B^ab Tr {^lT 2 ^br 2 ) + ^BfS^S^ + h.c. 

+ mqQ^Q* + mqcQ^^Q'^ + m\L^L* + m\cL'^^ L'^ 

+ m\Ti + ^Ac Tr (A‘^'*'A‘^) + Tr (A'^'^A'^) 

+ mU H' (-Ki-Kj) + {mlA ('S")''®’’] <^2) 

where the generational and color indices have been supressed and the transposes and T 2 ^s belong 
to SU{2). Thus the first term in W is actually 

i {ha)\ ( UjA djA ) T2^a 


(‘'t) 

V -“A / 
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with the lowercase latin indicies specifying the generation and the uppercase latin indices spec¬ 
ifying color. 

By demanding parity invariance from this theory, we also hnd the following relations among 
the parameters [18,19,21]: soft breaking mass terms for an SU{2)l doublet are equal to those 
of the corresponding SU{2)fi doublet and 

ha = hi hi = hh f = 

= Ml. M^ab = M;,, Mf = Mf* 

= L"* Ml = M* Ml = M*^ M3 = M* 

gL = 9 r 5 a = Bl. B^ab = Bf = Bf* 

Where ql and gn are the SU{2)l and SU{2)Li coupling constants, respectively. 


3.3 RGBs 

The renormalization group equations to one-loop order for all the parameters of the above theory 
are presented below and are categorized by the type of coupling 


3.3.1 Gauge Couplings > > 

IbTr^-^?! = 2Agl = (4 + n^) gl 

= (4 + n$) g\ = -3gl 

3.3.2 Yukawa Couplings 

= ha 2hlhb - ^gl - 3g\ - 3gl - 

+ hb Tr (3hlha h^h'^ -\- 2h\ha + 4 ^ ^ j 


(43) 


(44) 


= K 6/c'/= + - ?jg\ - 3gl + Sffh'^ 

+ K [2y*A' + Tl' {3hlK + Apil) + 4 (45) 


16^=4/ = f [e/t; + 2h':iC + 2IV (/*/) + gl’gl - jgj - 7gl 

+ [6//t + 2h'X] f (46) 

16ir^^/c = fc eflL + 2h2h'^ + 2Ti: (flL) + gllftl,-'^gl-7gl 

+ [6/Jt + 2h'Jh':] L (47) 
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= 1^1 [2 Tr (/V) + 2/iiVi - Qgl - 8gl 

+ /xi [3/ii>^ + + 8 Tr (/if V$) + ^ (48) 

ISTT^^/i^c = /iAc [2 Tr (/j/e) + 2/if:/ifc - 6^1 - 8^^ 

+ /ii. hfiiyi + 3/ii:/i^. + 8 Tr (/ifVs) + ^ (49) 

ISTT^^/ig^fe = /^Sac [Tr ( 3/1 Vfe + + 4 (/^$V$)^^ 

+ Tr (3/iaV + W^) + 4 (/if/if^)^^ /iScb 

+ 4a6 [s/iiVA + 3/iiVV + 8Tr (/ifVS) + 

+ f^lab[-^9l-^9l] (50) 

167r2^F“^^ = [ 3 /iV/il + 3/iiVIc + 8Tr (/ifVS) + 

+ [ 3 /ilVA + 3/iV/iV + 8Tr (/ifVS) + 

+ fc/i^/ii + 3/iV/xic + 8Tr (/ifVf) + l(y^^'^)*FH (51) 

3.3.3 Mass Terms 


= Ma [2 Tr (/t/) + 2/il>^ - 6//? - 8^] (52) 

IGtt^^Mac = Mac 2 Tr (/j/c) + 2/iAc/iAc - - 85 (^ (53) 

IGn'^^M^ab = M^ac Tr (Shlh + h'Jh'^'j + 4 (/ifVf)^^ + M^ab {-Q 9 I - Q9r) 

+ Tr (3/iaV + W^) + 4 (/rf/if'*')^^ M^cb (54) 

161 ,^ jMf = M|''[3,.l>i + 3f,r.,ii.+8Tr(f,j'4)+l(y''“')*l"’'“'' 

+ m|' 3^1VJ + 3^r,A.2. + 8 Tr (^JVS) + ( 55 ) 

3.3.4 Linear Term 

167 r2^L“ = LP [3/ii>l + 3/il*/il. + 8 Tr (/ifVS) + (56) 
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3.3.5 Gaugino Massesi 

Ml = 48Mi^? 

167 r^^ 5 (R = (8 + 2 n$) Mrq^ 


3.3.6 Soft Breaking Trilinear A’s 


16n‘^-^gL = (8 + 2 n$) MlqI 


(57) 


IStT^^Aqo — Aqa 


1 16 

‘2hlhb - -gl - 3gl - 3gl - —gl \ + 2hbhlA, 


h-^Qa 


+ ha 


^h\AQb + -g'lMi + Qg\ML + Gg^MR + —glM^ \ + AAqbhlha 


A 


Tr (Shahl + + 4 (/i>^ 

'Tr + 2ALah'i!) + 8 (Ag/i^^) 


Q6 


ab 


hb 


(58) 


IGtT^ —— Ala 


dt 


6 fife + 2h'^h'^ - -gl - 3gl - 3g 


+ h'a l.2flAf^ + Ah^Alb + 3glMi + Gg^Mi + Gg^MR 

+ [6//t + 2/i;/i7] Ai, + [l2A^/t + AARbh'l] h'^ 

+ ^Lfe Tr {^h\ha + /ia) T 4 ( /r<l) 

+ Tr ^6/i^AQ(j + 2/ifjAia^ + 8 


ba 

\a 

1$ 


(59) 


167rV^f 
dt ^ 


= A 


6 /V + ‘^h'fh'J + 2 Tr (/V) + ~ ij^di ~ hgf 

+ / [l2rA; + Ah':Al^ + 4Tr (/t^;) + 2/r^M^ + 
6 //t + 2/.>71 + [l2A^/t + AArX] f 


(60) 


IGn'^-^Afc 

dt ^ 


— Ai 


6/t/o + 2h'X + 2 Tl' (/t/.) + - 74 


+ /c 12/jAj-c + Ah'lARa + 4Tr + 2/1^*+ O^f^Mi + lAg\MR 

+ [s/c/l + 2h'J'h'f"] Afc + [l2A/c/j + AAJ^X] fc (61) 




4“ 


2 Tr (^/V) + 2/ii>i - 6^1 - 8 gl 


+ [4 Tr + A^^i + l2glM, + IGglMR 

+ Ai + 3XX + 8Tr (4VS) + ^ 

+ /i^ 6/i^ + GjjP^cA^c + 16 Tr Aj^ 


(62) 
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[2Tr (/t/,)+2/ii:/ii-6(72-84 
+/i^c 4Tr (^f^Afc^ + 4:H^cA^c + 125 f^Mi + 

+yli. [3/iiV^ + + 8Tr (4V$) + 

+/ii [6/ii*A^ + 6/iiU^. + 16 Tr (4^4lg) + (63) 

= ^Sac [Tr (Shlh + h'^h'^ + 4 

T /^$ac Tr ^6/i]jAgfe + 2}i^A li^ + 8 
+ [Tr [^Khl + /.>';) + 4 (440,J 
+ Tr {QAQah\ + 2Aiah'J^ + 8 (440,, 

+ "4g,b —39l ~ ^9r + 9'%ab Sfi'iMi + Qg\MR 
+ 4a6 [34 >a + 34*/^a= + 8Tr (4Vg) + 4“^^^ 

+ 4a6 [64*41^ + 64*41^. + 16Tr (4Ug) + (64) 

167 r2^A4 = AfP [3/ir/il + 3441c + 8Tr (/rgVg) + l(yp/^-)*y7M- 

+ [64*4 + 64c4llc + 16 Tr (44) + {YP^^AJ'^ 

+ AfP [344 + 34:4 + 8Tr (4Vg) + ^-{YPPyr^P'' 

+ [64*4 + 64*c4c + 16 Tr ( 44 ) + {Ypp'^)*A%p'' 

+ Afp [ 34*4 + 34 : 4 . + 8Tr (/igt4) + l(yPM^)*y/^M- 
+ Y^'^P [64*4 + 64c4c + 16 Tr (44) + (T^^")*^^! (65) 
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( 66 ) 


3.3.7 Soft Breaking Bilinear 5’s 

167r2^i?A = B^[ 2 Tt [f^f)+ 2 fil*fil- 6 gl- 8 gl 

+ Ma [4Tr (pAf) + + UgfM, + WglM^ 

+ fil + GfillB^c + 16 Tr ' 

IStt^^^ac = Bac [2 Tr (^fjc) + 2/iA*AtA- “ - ^g^ 

+ Mac [4Tr (/t^jc) + 4/i^M^. + 12 ( 72 Mi + IQglMn 
+ /iAc [e/i^^A + Qi^T^Ba^ + 16 Tr ] (67) 

167r^^5$a6 = B^ac Tr (a/ij/ife ++ 4 

+ M$ae [Tr (ehlAQh + 2h’}ALb) + 8 
+ Tr (shahl. + hgh}^'^ + 4 -B<i)c6 

+ [Tr (6AQ,/it + 2Ai„/ig) + 8 [A%fi%^)J M^,b 
+ f^iab [S/i^^A + 6/i^:5Ac + 16 Tr (/ig^5$) + (y^^")*5f ■ 

+ B^ab -3gl - ^9 r + M^ab GglMi + Qg^Mn (68) 

KTT^j^Bf = -Br[3A‘l>i + 3A.£/ii.+8Tr(^J'4)+i(yo'“')*y«'“'' 

+ M7 6/rlMi + 6/r^Mic + 16 Tr (/igU§) + (FP/^-)*^^" 

+ S? [ 3 /rlV^ + + 8Tr (/rgVl) + 1(F^^'^)*F“^^ 

+ M^^ [6/i^M^ + 6/rlM^. + 16 Tr (/xgUg) + (FPA^-)Mg^" 

+ 6/ii*5A + 6/iit5Ac + 16 Tr (/ig^5$) + (F^^")*5f (69) 

3.3.8 Soft Breaking Masses 

Since each of the RGBs for the soft breaking masses have the following term in common, it is 
convenient to dehne 

S 3 = 4 Tr (rriQ - uiqc - m\ + m\^ + 12 im\ - m\ ~ ""^ac + 

^ ‘^^Q^c.hi + ha 2 himl + Ahlml^f, + Aml^hi 

1 32 1 

+ '^AqaAq^ — -MiMlgl — QMiM'lg^ — —M3Mlg'l + gfi'i'^s (70) 
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ISTT^^mJc = 2mlchiha + hi 2ham^Q. + Ahmlba + 4mJ/ia 

1 32 1 

+ - -MMqI - QMnMigl - -jM.mIqI - (71) 

= Qmlff + f Qf ml + 12 (ni]}j^ + 12 

+ 2mlhlh'J + hi 2h'Jml + Amlch'J + Ahjlm%^b 
+ l2AfA] + AALaAl, - ?,MMgl - GMlMIqI - ^g^Ss (72) 

ISTT^^mic = Qmlcflfc + fl Qfcmlc + 12 (mlc) fc + 12/cm^c 

+ hi + h'^ \2hlml. + Amlhl + Ahlml^^ 

+ 12Al^Afc + AAlg^Aia — ‘iMiMlgl — QM^M^gl + gfl'i'^s (73) 

leTT^^mi = Tr [4/t/mi + S/^mi/] + \^glml + 2/i^mi + 2gi 

+ 4 Tr (4^;) + 271^71^ - l2MMgl - IQMlMWl + \glS^ (74) 

= gl*\2glml + 2glml + 2gi(miy'"' 

(Jj L , 

+ 2ArAl - l2MMgl - IGMLMlgl - ^g^S^ (75) 

leTT^^m^c = Tr AfJlm^c + S/cm^c/] + 2g%cm%c + 2/i^cm|c + 2/i^c 

+ 4 Tr {Af.A\.) + 2AltAl. - 12M,Mlgl - 16MrM^4 - ^g^S^ (76) 

167r^^m|c = gX<^ 2/i^cm|c + 2/r^c + 2/i^cm^c 

+ - 12MiMt(72 _ (77) 

= "i|ac [ Tr ^b) + 4 (/i# 

+ [Tr (3/il/ic + /i'i/ic) + 4 (/r$V$)^J "^Lb 

+ Tr [Qhlhbm^Q. + ^hlm^h + 2h'^hlml. + 2h'^mlhl + QA^^^Aqb + 2Al^ALb 

+ 8 [/r$m|/i$^j + 8 [/i$V$j . + 8 . 

L 20a L 2 ao \ / L J ao 

-(5ab 6glMLMl + 6glMRMl (78) 
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, d 
dt 



( ' 




+ 8Tr 

3f,rfiA + + 8IV (fijVj) + (my 

S/^aVa^^A + S/iA^A^^A + S/i^c/iA-rriAc + 

32 Tr (/iSVI^l) + 

+ 16 Tr [A%^aI) + {AjyAi 


,Pl3 


\Ptiu 


( 79 ) 


4 Conclusion 


In this paper we have calculated the RGEs to one loop order for two different types of SUSYLR 
models-one which breaks SU{2)r via doublets and the other using triplets. These equations 
should prove to be useful tools for relating the details of SUSYLR models to observable phe¬ 
nomena, thereby constraining the parameter space and perhaps verifying if SUSYLR models are 
viable extensions of the standard model. 
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